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(54) Antenna device 



(57) An antenna device according to the present in- 
vention comprises a flat ground conductor; a first flat ra- 
diation conductor disposed against the flat ground con- 
ductor interposing a first dielectnc layer; a first short-cir- 
cuit conductor connecting an end of the first flat radiation 
conductor and the flat ground conductor; a second flat 
radiation conductor disposed partly against an opposite 
side of the first flat radiation conductor to its other side 
facing the ground conductor interposing a second die- 



lectric layer; a second short-circuit conductor connect- 
ing an end of the second flat radiation conductor and the 
flat ground conductor; and a supply point disposed on 
the first fiat radiation conductor With this structure, the 
first flat radiation conductor and the second flat radiation 
conductor are disposed partly against each other. Which 
enables more size reduction than that of conventional 
antennas in operating at the same resonant frequency 
with a conventional antenna. 
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Description 

[0001] The present invention relates to an antenna 
device, and nnore particularly, is suitably applied to a 
portable telephone which is reduced in size. 5 
[0002] In small portable radio apparatus such as port- 
able telephones, terminal units for personal handy- 
phone system (PHS), or the like, a reduction in size, 
thickness and vi^eight has been promoted with recent 
rapid development of such apparatuses. Correspond- io 
ingly. antennas associated therewith are also required 
to have a reduced size, thickness and weight as well as 
higher performance. 

[0003] An example of an antenna equipped in such a 
small portable radio apparatus is a micro-strip antenna i5 
(hereinafter refeaed to as the "MS antenna"). Further, 
commonly known as antennas, which are further re- 
duced in size than the MS antennas, are a single-side 
short-circuited MS antenna having a short-circuit sur- 
face for short-circuiting a zero-potential surface at the 20 
center of a radiation conductor to a ground conductor, 
a laminar inverted-F antenna having a further reduced 
width of its short-circuit surface, and so on. 
[0004] For example, as illustrated in Figs. 1 A and 1 B, 
a conventional MS antenna 1 comprises a ground con- 25 
ductor 2 disposed on one side of a dielectric substrate 
3 having a height h, and a rectangular radiation conduc- 
tor 4 (length a x width b) formed on the other side of the 
substrate 3 using an etching technique or the like. 
[0005] This MS antenna 1 is provided with a power 30 
supply point 5 at a predetermined position on the radi- 
ation conductor 4 so that the input impedance thereof is 
equal to the characteristic impedance of a power supply 
system. The MS antenna 1 operates as an antenna with 
power supplied thereto through the power supply point 35 
5. 

[OO06] As illustrated in Figs. 2A and 2B. a sJngle-side 
short-circuited MS antenna 6 comprises a short-circuit 
conductor 10 having a width Ws1 identical to the width 
b of a radiation conductor 6 and a height h, disposed 
between the radiation conductor 8 and a ground con- 
ductor 7, so as to short-circuit a zero-potential surface 
of the radiation conductor 8 to the ground conductor 7. 
The zero-potential surface, at which an electric field is 
at "0," is at a position corresponding to one half a/2 of ^5 
the length a of the radiation conductor 4 in the normal 
MS antenna 1 . 

[0007] With this structure, the single-side short- 
circuited MS antenna 6 only requires the radiation con- 
ductor 8 having a length dimension approximately one so 
half of the length dimension of the radiation conductor 
4 of the MS antenna 1 , and stilt operates as an antenna 
at the same resonant frequency as the MS antenna 1 . 
[0008] Further, as illustrated in Figs. 3Aand 38, a lam- 
inar inverted-F antenna 1 0 Is composed of a rectangular 55 
radiation conductor 1 2 (length c x width d) and a ground 
conductor 11 which are short-circuited by a laminar in- 
verted-F short-circuit conductor 14 having a width Ws2 



smaller than the width Wsl of the short-circuit conductor 
10 of the single-side short-circuited MS antenna 6. 
[0009] The laminar Inverted-F antenna 1 0 can reduce 
the resonant frequency fr by virtue of the laminar invert- 
ed-F short-circuit conductor 14 having the width Ws2 
chosen to be smaller than the width Ws1 of the short- 
circuit conductors of the single-side short-circuited MS 
antenna 6, and can further reduce the resonant frequen- 
cy fr by virtue of the power supply point 5 defined at a 
position offset from the center line of the radiation con- 
ductor 12 by an offset amount Wx2, as compared with 
the power supply point 5 defined at the center of the 
radiation conductor 12. 

[0010] As mentioned above, since the laminar Invert- 
ed-F antenna 10 is designed to reduce the resonant fre- 
quency fr more than the MS antenna 1. it can be con- 
figured using the radiation conductor 12 (length c x 
width d) smaller than the radiation conductor 4 (length 
a X width b). when it is operated at the same frequency 
as the MS antenna 1. 

[0011] The single-side short-circuited MS antenna 6 
and the laminar inverted-F antenna 10, configured as 
described above, are required to be further reduced In 
size in response to the demand for increasingly smaller 
portable telephones in recent years. 
[0012] In view of the foregoing, an object of this inven- 
tion is to provide an antenna device which is capable of 
realizing a further reduction in size and weight. 
[0013] The foregoing object and other objects of the 
Invention have been achieved by the provision of an an- 
tenna device which comprises a flat ground conductor; 
a first flat radiation conductor disposed against the flat 
ground conductor interposing a first dielectric layer; a 
first short-circuit conductor connecting an end of the first 
flat radiation conductor and the flat ground conductor; a 
second flat radiation conductor disposed partly against 
an opposite side of the first flat radiation conductor to its 
other side facing the ground conductor interposing a 
second dielectric layer; a second short-circuit conductor 
connecting an end of the second fiat radiation conductor 
and the flat ground conductor; and a supply point dis- 
posed on the first flat radiation conductor. 
[0014] With the structure as above, the first flat radi- 
ation conductor and the second flat radiation conductor 
are disposed partly against each other, which enables 
more size reduction than that of conventional antennas 
in operating at the same resonant frequency with a con- 
ventional antenna. 

[001 5] The nature, principle and utility of the invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings in which like parts are designated by like 
reference numerals or characters. 
[0016] The present invention will be more clearly un- 
derstood from the following description, given by way of 
example only, with reference to the accompanying 
drawings in which; 
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Figs. 1A and 1B are a top plan view and a cross- 
sectional view illustrating the structure of a conven- 
tional MS antenna: 

Figs. 2A and 2B are a top plan view and a cross- 
sectional view illustrating the structure of a conven- 
tional single-side short-circuited MS antenna; 
Figs. 3A and 3B are a top plan view and a cross- 
sectional view illustrating the structure of a conven- 
tional lanninar inverted-F antenna; 
Fig. 4 is a block diagram illustrating the configura- 
tion of a portable radio apparatus according to a first 
embodiment of the present invention; 
Figs. 5A and 58 are a top plan view and a cross- 
sectional view illustrating the structure of a laminar 
inverted-F antenna according to the first embodi- 
ment of the present invention; 
Fig. 6 is a graph showing the relationship between 
the dimensions of an upper ground conductor of the 
laminar inverted-F antenna according to the first 
embodiment of the present invention and the reso- 
nant frequency; 

Fig. 7 is a characteristic curve showing the resonant 
frequency of the laminar inverted-F antenna ac- 
cording to the first embodiment of the present in- 
vention; 

Figs. 8A and 88 are a top plan view and a cross- 
sectional view Illustrating the structure of a laminar 
inverted-F antenna according to a second embodi- 
ment of the present invention; 
Figs. 9A and 98 are a top plan view and a cross- 
sectional view illustrating the structure of a laminar 
inverted-F antenna according to a third embodi- 
ment of the present invention; 
Figs. 10A and 10B are a top plan view and a cross- 
sectional view illustrating the structure of a single- 
side short-circuited MS antenna according to a 
fourth embodiment of the present invention; 
Figs. 11 A and 11 B are a top plan view and a cross- 
sectional view illustrating the structure of a single- 
side short-circuited MS antenna according to a fifth 
embodiment of the present invention; 
Figs. 1 2A and 1 28 are a top plan view and a cross- 
sectional view illustrating the structure of a single- 
side short-circuited MS antenna according to a sixth 
embodiment of the present invention; 
Figs. 13A and 13B are a top plan view and a cross- 
sectional view Illustrating the structure of a laminar 
inverted-F antenna according to another embodi- 
ment of the present invention; and 
Figs. 14A and 148 are a top plan view and a cross- 
sectional view illustrating the structure of a single- 
side short-circuited MS antenna according to anoth- 
er embodiment of the present invention. 

(1) First Embodiment 

[0017] ' In Fig. 4, a portable radio apparatus, generally 
designated by 20, sends a voice signal S21 collected 



through a microphone 21 to an encoder circuit 22 upon 
transmission. The encoder circuit 22 encodes the voice 
signal S21 to generate audio data S22 which is sent to 
a modulator circuit 23. The modulator circuit 23 per- 

5 forms predetermined modulation processing based on 
the audio data S22 to generate a modulation signal S23 
which is sent to a transmitter circuit 24. 
[0018] The transmitter circuit 24 digital-to-analog con- 
verts the modulation signal 323 to generate an analog 

10 signal which is then frequency converted to generate a 
transmission signal S25. The transmission signal S25 
is amplified to a predetermined power level, and trans- 
mitted through a power supply line 25 and an external 
antenna 26 which comprises, for instance, an externally 

15 attached whip antenna. 

[0019] Upon reception, the portable radio apparatus 
20 receives a reception signal S27 through the external 
antenna 26 and a planar antenna 27, and sends the re- 
ception signal S27 to a receiver circuit 27 through the 

20 power supply line 25 and a power supply line 28. The 
receiver circuit 29 amplifies the reception signal S29 to 
a predetermined power level, and then frequency con- 
verts the amplified signal to extract a baseband signal. 
Subsequently, the receiver circuit 29 analog-to-digital 

25 converts the baseband signal to a digital signal to gen- 
erate a received data S29 which is sent to a demodulator 
circuit 30. 

[0020] The dennodulator circuit 30 performs predeter- 
mined demodulation processing on the received data 

30 S29 to generate a demodulated signal S30 which Is sent 
to a decoder circuit 31 . The decoder circuit 31 decodes 
the demodulated signal S30 to generate an analog sig- 
nal, thus recovering a voice signal S31 identical to an 
original voice signal 21 which is outputted through a 

35 speaker 32 as a voice. 

[0021] The portable radio apparatus 20, when in use, 
transmits a transmission signal S24 and receives a re- 
ception signal S27 with the external antenna 26 for both 
transmission and reception, which is drawn out from a 

40 housing 33 for use and otherwise can be retracted inside 
the housing 33. The portable radio apparatus 20 also 
receives the reception signal S27 through the planar an- 
tenna 27. implemented by the laminar inverted-F anten- 
na 27 dedicated to reception which is always accommo- 

45 dated within the housing 33. In this way. the portable 
radio apparatus 20 conducts diversity reception, during 
reception, to improve the reception performance. In this 
embodiment, the structure of the laminar inverted-F an- 
tenna 27. constituting the planar antenna 27. will be de- 

50 scribed in detail. 

[0022] In Figs. 5A and 58. where parts corresponding 
to those in Figs. 3A and 38 are designated with the same 
reference numerals, a laminar inverted-F antenna ac- 
• cording to the present invention, generally designated 

55 by 27 . Which comprises a radiation conductor 52 having 
a length (e-L) and a width f , a ground conductor 51 , and 
a laminar Inverted-F short-circuit conductor 14 which 
short-circuits the ground conductor 51 and the radiation 
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conductor 52 having a width Ws2 and a height h, these 
to form a normal lanninar inverted-F antenna. An upper 
ground conductor 53 disposed at a position spaced fronn 
the radiation conductor 52 by a height h and having a 
length Q and a width f, is short-circuited to the ground 5 
' conductor 51 by a side ground conductor 54 having a 
width f, which is disposed on an open end side on which 
the laminar inverted-F short-circuit conductor 14 Is not 
disposed. 

[0023] With the foregoing structure, the laminar in- io 
verted-F antenna 27 is designed to act as a first antenna 
with a lower dielectric layer 56 formed of an air layer 
between the radiation conductor 52 and the ground con- 
ductor 51 , as well as to act as a second antenna with 
an upper dielectric layer 55 formed of an air layer be- 15 
tween the radiation conductor 52 and the upper ground 
conductor 53. 

[0024] The laminar Inverted-F antenna 27 also has a 
power supply point 5 defined at a position spaced by a 
distance ] from an end of the upper ground conductor 20 
53 overlying the radiation conductor 52, and offset from 
the center line of the radiation conductor 52 by an offset 
amount Wx2, so that the input impedance of the radia- 
tion conductor 52 is equal to the characteristic imped- 
ance of a power supply system, thus achieving the im- 25 
pedance matching. 

[0025] With the foregoing structure, the laminar in- 
verted-F antenna device 27 has a first area S1 on one 
side of the radiation conductor 52 which acts as a first 
antenna in combination of the ground conductor 51 3o 
short-circuited by the laminar inverted-F short-circuit 
conductor 14, and an additional second area S2 on the 
other side of the radiation conductor 52 which acts as a 
second antenna in combination of the upper ground 
conductor 53 short-circuited by the side ground con due- 35 
tor 54. Thus, the laminar inverted-F antenna device 27 
has an increased area (S1+S2), as a whole, for the ra- 
diation conductor 52, which acts as the overall antenna, 
resulting in a correspondingly increased capacitance to 
further reduce the resonant frequency fr. 
[0026] Actually, in the laminar inverted-F antenna 27, 
when the length (e-L) of the radiation conductor 52 is 
reduced while the distance L from the end of the radia- 
tion conductor 52 to the side ground conductor 54 is ex- 
tended, the second area S2 is reduced, resulting in a 
correspondingly reduced capacitance to increase the 
resonant frequency fr. Conversely, when the length (e- 
L) of the radiation conductor 52 is extended while the 
distance L is reduced, the second area S2 is increased, 
resulting In a correspondingly increased capacitance to so 
reduce the resonant frequency fr. 
[0027] Also, in the laminar inverted-F antenna 27. 
when the length g of the upper ground conductor 53 is 
reduced while the distance I from the end of the upper 
ground conductor 53 to the power supply point 5 is ex- 55 
tended, the second area S2 is reduced, resulting in a 
correspondingly reduced capacitance to increase the ■■ 
resonant frequency fr. Conversely,- when the length 3 of 
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the upper ground conductor 53 is extended while the 
distance I from the end of the upper ground conductor 
53 to the power supply point 5 is reduced, the second 
area S2 is increased, resulting in a correspondingly in- 
creased capacitance to reduce the resonant frequency 
fr. 

[0028] Actually, as shown In Fig, 6, it can be seen that 
in the laminar inverted-F antenna 27, as the lengthy of 
the upper ground conductor 5 is longer, the distance I 
from the end of the upper ground conductor 53 to the 
power supply point 5 Is more reduced to cause an in- 
crease In the second area S2. resulting in a correspond- 
ingly increased capacitance to reduce the resonant fre- 
quency fr. 

[0029] As described above, the laminar inverted-F an- 
tenna 27 can provide a desired resonant frequency by 
changing the length g of the upper ground conductor 53 
and the length (e-L) of the radiation conductor 52 to ad- 
just the area of the radiation conductor 52 which acts as 
the first and second antennas. 

[0030] More specifically, as can be seen from the re- 
sult of an experinnent shown in Fig. 7, the resonant fre- 
quency resulting from the use of the laminar inverted-F 
antenna 27 according to the present invention is at ap- 
proximately 79OMH2, whereas the resonant frequency 
resulting from the use of the conventional laminar invert- 
ed-F antenna 10 is at approximately 960N/IHz. The res- 
onant frequency is significantly reduced by approxi- 
mately 170 MHz. 

[0031] With the foregoing structure, the laminar In- 
verted-F antenna 27 according to the present invention 
employs a double-layer structure which includes a first 
antenna formed of a combination of the radiation con- 
ductor 52 and the ground conductor 51 short-circuited 
bythelamlnarinverted-F short-circuit conductor 14, and 
a second antenna formed of a combination of the radi- 
ation conductor 52 and the upper ground conductor 53 
short-circuited by the side ground conductor 54, Thus, 
the first area SI on the one side of the radiation conduc- 
tor 52 acting as the first antenna and the second area 
S2 on the other side of the radiation conductor 52 acting 
as the second antenna are added to increase the area 
of the radiation conductor 52 acting as the overall an- 
tenna, so that the capacitance of the antenna can be 
increased as a whole. Consequently, the laminar invert- 
ed-F antenna 27 can reduce the resonant frequency fr 
without causing Increased dimensions (length e x width 
f), as compared with the dimensions (length c x width 
d) of the conventional laminar inverted-F antenna 10. 
[0032] Thus, the laminar inverted-F antenna 27 can 
further reduce the overall size thereof by an amount cor- 
responding to a reduction in the resonant frequency fr. 
when operated at the same frequency as the conven- 
tional laminar inverted-F antenna 10, thereby making it 
possible to reduce the area of the antenna equipped in 
the portable radio apparatus 20 and hence the entire 
size of the portable radio apparatus 20. 
[0033] In addition, since the laminar Inverted-F anten- 



s 



7 



EP 0 980 113 A2 



8 



na 27 employs the upper dielectric layer 55 and tlie low- 
er dielectric layer 56 formed of air layers, the laminar 
inverted-F antenna 27 can be reduced in weight as conv 
pared with the conventional laminar Inverted-F antenna 
10 which employs the dielectric substrate 3. 
[0034] According to the foregoing structure, the lami- 
nar inverted-F antenna 27 in the first embodiment em- 
ploys the double-layer structure which includes the first 
antenna formed of a combination of the radiation con- 
ductor 52 and the ground conductor 51 short-circuited 
by the laminar inverted-F short-circuit conductor 14, and 
the second antenna formed of a combination of the ra- 
diation conductor 52 and the upper ground conductor 
53 short-circuited by the side ground conductor 54. 
thereby making it possible to further reduce the resonant 
frequency fr and the size of the overall antenna, 

(2) Second Embodiment 

[0035] Since a second embodiment has the same cir- 
cuit configuration as the first embodiment except for a 
circuit associated with a laminar inverted-F antenna 60. 
later described, which Is employed instead of the lami- 
nar Inverted-F antenna 27 of the portable radio appara- 
tus 20 (Fig. 4). description will be made herein only on 
the structure of the laminar inverted-F antenna 60. 
[0036] In Figs. 8A and 8B, where parts corresponding 
to those in Figs. 5A and 5B are designated with the same 
reference numerals, the laminar inverted-F antenna 60 
comprises a side ground conductor 61 disposed on the 
side of an upper ground conductor 53 orthogonal to an 
open end side, on which a laminar Inverted-F short-cir- 
cuit conductor 14 is not disposed, so as to short-circuit 
the upper ground conductor 53 to a ground conductor 
51 in place of the side ground conductor 54 of the lanrv 
inar Inverted-F antenna 27 in the first embodiment. In 
addition, a radiation conductor 62 has a width f, and Is 
spaced apart from the side ground conductor 61 by a 
distance L' to avoid short-circuiting. 
[0O37] Again, in the laminar Inverted-F antenna 60. 
the upper ground conductor 53 and the ground conduc- 
tor 51 are short-circuited by the side ground conductor 
61 in a manner similarto the laminar inverted-F antenna 
27. so that a first antenna can be formed of a combina- 
tion of the radiation conductor 62 and the ground con- 
ductor 51 short-circuited by the laminar Inverted-F short- 
circuit conductor 14, and a second antenna can be 
formed of a combination of the radiation conductor 62 
and the upper ground conductor 53 short-circuited by 
the side ground conductor 61 . 

[0038] In the foregoing structure, the first area 81 on 
one side of the radiation conductor 62 acting as the first 
antenna and the second area 82 on the other side of 
the radiation conductor 62 acting as the second antenna 
are added to increase the area of the radiation conduc- 
tor 62 acting as the overall antenna, so that the capac- 
itance of the^antenna device can be increased. Conse- 
quently, the laminar Inverted-F antenna 60 can reduce 



the resonant frequency fr without causing increased di- 
mensions (length e x width f), as compared with the di- 
mensions (length c x width ^ of the conventional lam- 
inar inverted-F antenna 10. 

5 [0039] Thus, the laminar inverted-F antenna 60 can 
further reduce the overall size thereof by an amount cor- 
responding to a reduction in the resonant frequency fr, 
when operated at the same frequency as the conven- 
tional laminar tnverted-F antenna 10, thereby making It 

10 possible to reduce the area of the antenna equipped in 
the portable radio apparatus 20 and hence the entire 
size of the portable radio apparatus 20. 
[0040] In addition, since the laminar Inverted-F anten- 
na 60 employs an upper dielectric layer 55 and a lower 

15 dielectric layer 56 formed of air layers, the laminar in- 
verted-F antenna 60 can be reduced in weight as com- 
pared with the conventional laminar inverted-F antenna 
10 which employs the dielectric substrate 3. 
[0041] According to the foregoing structure, the lami- 

20 nar Inverted-F antenna 60 in the second embodiment 
employs the double-layer structure which includes the 
first antenna formed of a combination of the radiation 
conductor 62 and the ground conductor 51 short- 
circuited by the laminar inverted-F short-circuit conduc- 

25 tor 14, and the second antenna formed of a combination 
of the radiation conductor 62 and the upper ground con- 
ductor 53 short-circuited by the side ground conductor 
61 , thereby making it possible to further reduce the res- 
onant frequency fr and the size of the overall antenna. 

30 

(3) Third Embodiment 

[0042] Since a third embodiment has the same circuit 
configuration as the first embodiment except for a circuit 

35 associated with a laminar inverted-F antenna 70, later 
described, which is employed instead of the laminar in- 
verted-F antenna 27 of the portable radio apparatus 20 
(Fig. 4), description will be made herein only on the 
structure of the laminar Inverted-F antenna 70. 

40 [0043] In Figs. 9A and 9B, where parts corresponding 
to those In Figs. 8A and 8B are designated with the same 
reference numerals, the laminar inyerted-F antenna 70 
comprises both the side ground conductor 54 of the lanr. 
inar inverted-F antenna 27 in the first embodiment, an: 

^5 the side ground conductor 61 of the laminar Inverted- 
antenna 60 in the second embodiment. 
[0044] Again, in the laminar inverted-F antenna 70, 
an upper ground conductor 53 and a ground conductor 
51 are short-circuited by the side ground conductors 54, 

50 61 in a manner similar to the laminar Inverted-F anten- 
nas 27. 60. so that a first antenna can be formed of a 
combination of a radiation conductor 62 and the ground 
conductor 51 short-circuited by the laminar Inverted-F 
short-circuit conductor 14. and a second antenna can 

55 be formed of a combination of the radiation conductor 
62 and the upper ground conductor 53 short-circuited 
by the side ground conductors 54, 61 . 
[0045] In the foregoing structure, the laminar inverted - 
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F antenna 70 is such that a first area SI on one side of 
the radiation conductor 62 acting as the first antenna 
and a second area S2 on the other side of the radiation 
conductor 62 acting as the second antenna are added 
to increase the area of the radiation conductor 62 acting 5 
as the overall antenna, so that the capacitance of the 
antenna can be increased as a whole. Consequently, 
the lanninar inverted-F antenna 70 can reduce the res- 
onant frequency fr without causing increased dimen- 
sions (length e x width 5. as compared with the dimen- 10 
sions (length c x width d) of the conventional laminar 
Inverted-F antenna 10. 

[0046] Thus, the laminar inverted-F antenna 70 can 
further reduce the overall size thereof by an amount cor- 
responding to a reduction in the resonant frequency fr, is 
when operated at the same frequency as the conven- 
tional laminar inverted-F antenna 10, thereby making it 
possible to reduce the area of the antenna equipped in 
the portable radio apparatus 20 and hence the entire 
size of the portable radio apparatus 20. 20 
[0047] In addition, since the laminar inverted-F anten- 
na 70 employs an upper dielectric layer 55 and a lower 
dielectric layer 56 formed of air layers, the laminar in- 
verted-F antenna 70 can be reduced in weight as com- 
pared with the conventional laminar inverted-F antenna 25 
10 which employs the dielectric substrate 3. 
[0048] According to the foregoing structure, the lami- 
nar inverted-F antenna 70 in the third embodiment em- 
ploys the double-layer structure which includes the first 
antenna fomr^ed of a combination of the radiation con- 30 
ductor 62 and the ground conductor 51 short-circuited 
by the laminar inverted-F short-circuit conductor 14, and 
the second antenna formed of a combination of the ra- 
diation conductor 62 and the upper ground conductor 
53 short-circuited by the side ground conductors 54. 61 , 35 
thereby making it possible to further reduce the resonant 
frequency fr and the size of the overall antenna. 

(4) Fourth Embodiment 

40 

[0049] Since a fourth embodiment has the same cir- 
cuit configuration as the first embodiment except for a 
circuit associated with a single-side short-circuited MS 
antenna 60. later described, which is employed instead 
of the laminar inverted-F antenna 27 of the portable ra- 45 
dio apparatus 20 (Fig. 4}, description will be made here- 
in only on the structure of the single-side short-circuited 
MS antenna 80. 

[0050] In Figs. 10A and 1 0B. where parts correspond- 
ing to those in Figs. 2A and 2B are designated with the so 
same reference numerals, the single-side short- 
circuited MS antenna 80 comprises a radiation conduc- 
tor 82 having a length (e-L) and a width f, and a ground 
conductor 81, short-circuited by a short-circuit conduc- 
tor 10 having a width f and a height h to form a normal 55 
single-side short-circuited antenna. The antenna 80 al- 
so comprises an upper ground conductor 83 disposed 
at a position spaced from the radiation conductor 82 by 



a height h and having a length g and a width f. which is 
short-circuited to the ground conductor 61 by a side 
ground conductor 84 having a width f. which is disposed 
on an open end side on which the short-circuit conductor 
10 is not disposed. 

[0051] With the foregoing structure, the single-side 
short-circuited MS antenna 80 is designed to operate as 
a first antenna with a lower dielectric layer 86 formed of 
an air layer between the radiation conductor 82 and the 
ground conductor 81 , as well as to operate as a second 
antenna with an upper dielectric layer 85 formed of an 
air layer between the radiation conductor 82 and the up- 
per ground conductor 83. 

[0052] The single-side short-circuited MS antenna 60 
also has a power supply point 5 defined at a position on 
the center line of the radiation conductor 82 spaced by 
'a distance I from an end of the upper ground conductor 
83 overlying the radiation conductor 82, so that the input 
impedance of the radiation conductor 82 is equal to the 
characteristic impedance of a power supply system, 
thus achieving the impedance matching. 
[0053] With the foregoing structure, the single-side 
short-circuited MS antenna 80 has a first area S1 on one 
side of the radiation conductor 82 which acts as the first 
antenna in combination of the ground conductor 81 
short-circuited by the short-circuit conductor 10, and an 
additional second area S2 on the other side of the radi- 
ation conductor 82 which acts as the second antenna in 
combination of the upper ground conductor 83 short- 
circuited bythesideground conductor 84. Thus, the sin- 
gle-side short-circuited l\^S antenna 80 has an in- 
creased area (S1+S2), as a whole, for the radiation con- 
ductor 82, which acts as the overall antenna, resulting 
in an increased capacitance to further reduce the reso- 
nant frequency fr. 

[0054] Actually, in the single-side short-circuited MS 
antenna 80, when the length (e-L) of the radiation con- 
ductor 82 is reduced while the distance L from the end 
of the radiation conductor 82 to the side ground conduc- 
tor 84 is extended, the second area S2 is reduced, re- 
sulting in a correspondingly reduced capacitance to in- 
crease the resonant frequency fr Conversely, when the 
length (e-L) of the radiation conductor 82 is extended 
while the distance L is reduced, the second area S2 is 
increased, resulting in a correspondingly increased ca- 
pacitance to reduce the resonant frequency fr. 
[0055] Also, in the single-side short-circuited MS an- 
tenna 80. when the length 3 of the upper ground con- 
ductor 83 is reduced while the distance | from the end 
of the upper ground conductor 83 to the power supply 
point 5 is extended, the second area S2 is reduced, re- 
sulting in a correspondingly reduced capacitance to in- 
crease the resonant frequency fr. Conversely, when the 
length 3 of the upper ground conductor 83 is extended 
while the distance ] from the end of the upper ground 
conductor 83 to the power supply point 5 is reduced, the 
second area S2 is increased, resulting in a correspond- 
ingly increased capacitance to reduce the resonant fre- 
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quency fr. 

[0056] As described above, the single-side short- 
circuited MS antenna 80 can provide a desired resonant 
frequency by changing the length got the upper ground 
conductor 83 and the length (e-L) of the radiation con- 5 
ductor 82 to adjust the area of the radiation conductor 
82 which acts as the first and second antennas. 
[0057] With the foregoing structure, the single-side 
short-circuited MS antenna 80 according to the fourth 
embodiment employs a double-layer structure which in- 10 
eludes the first antenna formed of a combination of the 
radiation conductor 82 and the ground conductor 81 
short-circuited by the short-circuit conductor 10, and the 
second antenna formed of a combination of the radiation 
conductor 82 and the upper ground conductor 83 short- is 
circuited bythe side ground conductor 84. Thus, the first 
area SI on the one side of the radiation conductor 82 
acting as the first antenna and the second area S2 on 
the other side of the radiation conductor 82 acting as the 
second antenna are added to increase the area of the 20 
radiation conductor 82 acting as the overall antenna, so 
that the capacitance of the antenna can be increased 
as a whole. Consequently the single-side short- 
circuited MS antenna 80 can reduce the resonant fre- 
quency fr without causing increased dimensions (length 2S 
e X width f). as compared with those of the conventional 
single-side short-circuited MS antenna 6. 
[0058] Thus, the single-side short-circuited MS anten- 
na 80 can further reduce the overall size thereof by an 
amount corresponding to a reduction in the resonant fre- 3o 
quency fr, when operated at the same frequency as the 
conventional single-side short-circuited MS antenna 6, 
thereby making it possible to reduce the area of the an- 
tenna equipped in the portable radio apparatus 20 and 
hence the entire size of the portable radio apparatus 20. 35 
[0059] In addition, since the single-side short- 
circuited MS antenna 80 employs the upper dielectric 
layer 85 and the lower dielectric layer 86 formed of air 
layers, the single-side short-circuited MS antenna 80 
can be reduced in weight as compared with the conven- 
tional single-side short-circuited MS antenna 6 which 
employs the dielectric substrate 9. 
[0060] According to the foregoing structure, the sin- 
gle-side short-circuited MS antenna 80 in the fourth em- 
bodiment employs the double-layer structure which in- 45 
eludes the first antenna formed of a combination of the 
radiation conductor 82 and the ground conductor 81 
short-circuited by the short-circuit conductor 10, and the 
second antenna formed of a combination of the radiation 
conductor 82 and the upper ground conductor 83 short- 50 
circuited bythe side ground conductor 84. thereby mak- 
ing it possible to further reduce the resonant frequency 
fr and the size of the overall antenna. 

(5) Fifth Embodiment 

[0061] Since a fifth embodiment has the same circuit 
configuration as the first embodiment except for a circuit 



associated with a single-side short-circuited MS anten- 
na 90. later described . which is employed instead of the 
single-side short-circuited MS antenna 80 of the porta- 
ble radio apparatus 20 (Fig. 4), description will be made 
herein only on the structure of the single-side short- 
circuited MS antenna 90. 

[0062] In Figs. 11 A and 11 B. where parts correspond- 
ing to those in Figs. 10A and 10B are designated with 
the same reference numerals, the single-side short- 
circuited MS antenna 90 comprises a side ground con- 
ductor 91 disposed on a side of an upper ground con- 
ductor 83 orthogonal to an open end side, on which a 
short-circuit conductor 10 is not disposed, so as to short- 
circuit the upper ground conductor 83 and aground con- 
ductor 81, Instead of the side ground conductor 84 of 
the single-side short-circuited MS antenna 80 in the 
fourth embodiment. In addition, a radiation conductor 92 
has a width f and is spaced apart from a side ground 
conductor 91 by a distance L' to avoid short-circuiting. 
[0063] Again, in the single-side short-circuited MS an- 
tenna 90, the upper ground conductor 83 and the ground 
conductor 81 are short-circuited bythe side ground con- 
ductor 91 in a manner similar to the single-side short- 
circuited MS antenna 80. so that a first antenna can be 
formed of a combination of the radiation conductor 92 
and the ground conductor 81 short-circuited by the 
short-circuit conductor 10. and a second antenna can 
be formed of a combination of the radiation conductor 
92 and the upper ground conductor 83 short-circuited 
by the side ground conductor 91. 
[0064] In the foregoing structure, the single-side 
short-circuited MS antenna 90 is such that a first area 
S1 on one side of the radiation conductor 92 acting as 
the first antenna and a second area S2 on the other side 
of the radiation conductor 92 acting as the second an- 
tenna are added to increase the area of the radiation 
conductor 92 acting as the overall antenna, so that the 
capacitance of the antenna can be increased as a 
whole. Consequently, the single-side short-circuited MS 
antenna 90 can reduce the resonant frequency fr with- 
out causing increased dimensions (length e x width f). 
as compared with those of the conventional single-side 
short-circuited MS antenna 6. 

[0065] Thus, the single-side short-circuited MS anten- 
na 90 can further reduce the overall size thereof by an 
amount corresponding to a reduction in the resonant fre- 
quency fr, when operated at the same frequency as the 
conventional single-side short-circuited MS antenna 6, 
thereby making it possible to reduce the area of the an- 
tenna equipped in the portable radio apparatus 20 and 
hence the entire size of the portable radio apparatus 20. 
[0066] In addition, since the single-side short- 
circuited MS antenna 90 employs an upper dielectric 
layer 85 and a lower dielectric layer 86 formed of air lay- 
ers, the single-side short-circuited MS antenna 90 can 
be reduced in weight as compared with the conventional 
single-side short-circuited MS antenna 6 which employs 
the dielectric substrate 9. 
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[0067} According to the foregoing structure, the sin- 
gle-side short-circuited MS antenna 90 in the fifth em- 
bodiment employs the double-layer structure which in- 
cludes the first antenna fomned of a combination of the 
radiation conductor 92 and the ground conductor 81 5 
short-circuited by the short-circuit conductor 10, and the 
second antenna formed of a combination of the radiation 
conductor 92 and the upper ground conductor 83 short- 
circuited by the side ground conductor 91 , thereby mak- 
ing it possible to further reduce the resonant frequency io 
fr and the size of the overall antenna. 

(6) Sixth Embodiment 

[0068] Since a sixth embodiment has the same circuit 15 
configuration as the first embodiment except for a circuit 
associated with a single-side short-circuited MS anten- 
na 100, later described, which is employed instead of 
the singie-side short-circuited MS antenna 80 of the 
portable radio apparatus 20 (Fig. 4). description will be 20 
made herein only on the structure of the single-side 
short-circuited MS antenna 100. 

[0069] In Figs. 12Aand 12B. where parts correspond- 
ing to those in Figs. 11A and 11B are designated the 
same reference numerals, the single-side short- 25 
circuited MS antenna 100 comprises both the side 
ground conductor 84 of the single-side short-circuited 
MS antenna 80 in the fourth embodiment, and the side 
ground conductor 91 of the single-side short-circuited 
MS antenna 90 in the fifth embodiment. 30 
[0070] Again, in the single-side short-circuited MS an- 
tenna 1 00, an upper ground conductor 83 and a ground 
conductor 81 are short-circuited by the side ground con- 
ductors 84, 91 in a manner similar to the single-side 
short-circuited MS antennas 80. 90, so that a first an- 35 
tennacan be formed of a combination of a radiation con- 
ductor 92 and the ground conductor 81 short-circuited 
by a short-circuit conductor 10, and a second antenna 
can be formed of a combination of the radiation conduc- 
tor 92 and the upperground conductor 83 short-circuited 40 
by the side ground conductors 84, 91 . 
[0071] In the foregoing structure, the single-side 
short-circuited MS antenna 100 is such that a first area 
SI on one side of the radiation conductor 92 acting as 
the first antenna and a second area S2 on the other side 45 
of the radiation conductor 92 acting as the second an- 
tenna are added to increase the area of the radiation 
conductor 92 acting as the overall antenna, so that the 
capacitance of the antenna can be increased as a 
whole. Consequently, the single-side short-circuited MS so 
antenna 100 can reduce the resonant frequency fr with- 
out causing increased dimensions (length e x width f). 
as compared with those of the conventional single-side 
short-circuited MS antenna 6. 

[0072] Thus, the single-side short-circuited MS anten- 55 
na 1 00 can further reduce the overall size thereof by an 
amount corresponding to a reduction in the resonant fre- 
quency fr, when operated at the same frequency as the 



conventional single-side short-circuited MS antenna 6, 
thereby making it possible to reduce the area of the an- 
tenna equipped in the portable radio apparatus 20 and 
hence the entire size of the portable radio apparatus 20. 
[0073] In addition, since the single-side short- 
circuited MS antenna 100 employs an upper dielectric 
layer 85 and a lower dielectric layer 86 formed of air lay- 
ers, the single-side short-circuited MS antenna 100 can 
be reduced in weight as compared with the conventional 
single-side short-circuited MS antenna 6 which employs 
the dielectric substrate 9. 

[0074] According to the foregoing structure, the sin- 
gle-side short-circuited MS antenna 100 in the sixth em- 
bodiment employs the double-layer structure which in- 
cludes the first antenna formed of a combination of the 
radiation conductor 92 and the ground conductor 81 
short-circuited by the short-circuit conductor 10, and the 
second antenna formed of a combination of the radiation 
conductor 92 and the upper ground conductor 83 short- 
circuited by the side ground conductors 84, 91 , thereby 
making it possible to further reduce the resonant fre- 
quency fr and the size of the overall antenna. 

(7) Other Embodiments 

[0075] While the foregoing first to third embodiments 
have been described for the laminar inverted-F anten- 
nas 27, 60, 70 which have the upper dielectric layers 55 
formed of air layers, the present invention is not limited 
to such particular dielectric layers as disclosed. Alterna- 
tively, as a laminar inverted-F antenna 110 illustrated in 
Figs. 13A and 13B, a dielectric substrate 111 having a 
predetermined width Ws3 and a height h and made, for 
example, of glass fiber can be used instead of the upper 
dielectric layer 55. In this case, a variety of other mate- 
rials can also be used for the dielectric substrate 111 
other than glass fiber. In addition, the resonant frequen- 
cy can be manipulated by adjusting the predetermined 
width Ws3 of the dielectric substrate 111 . 
[0076] Also, while the foregoing fourth to sixth embod- 
iments have been described for the single-side short- 
circuited MS antennas 80, 90, 1 00 which have the upper 
dielectric layers 85 formed of air layers, the present In- 
vention is not limited to such particular dielectric layers 
as disclosed. Alternatively, as a single-side short- 
circuited MS antenna 120 illustrated In Figs. 14A and 
14B, a dielectric substrate 121 having a predetermined 
width Ws4 and a height h and made, for example, of 
glass fiber can be used instead of the upper dielectric 
layer 85, In this case, a variety of other materials can 
also be used for the dielectric substrate 121 other than 
glass fiber. In addition, the resonant frequency can be 
manipulated by adjusting the predetermined width Ws4 
of the dielectric substrate 1 21 . 

[0077] Further, while the foregoing first to sixth env 
bodiments have been described in connection with the 
structures In which the upper dielectric layer 55 and the 
lower dielectric layer 56 or the upper dielectric layer 85 
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and the lower dielectric layer 86 are formed as separat- 
ed, the present invention is not linnited to such a struc- 
ture. Alternatively, the upper diefectriclayer and the low- 
er dielectric layer can be integrally formed. 
[0078] Further, in the foregoing first to sixth embodi- 
ments, the upper ground conductor 53 or 83 and the 
ground conductor 51 or 81 are short-circuited by the side 
ground conductor 54. 61, 84 or 91. The present inven- 
tion, however, is not limited to such a structure, and in 
the alternative, the upper ground conductor and the 
ground conductor can be formed by bending an integrat- 
ed conductor. 

[0079] Further, in the foregoing first to sixth embodi- 
ments, the antenna device according to the present in- 
vention is applied to laminar inverted-F antennas and 
single-side short-circuited MS antennas. The present in- 
vention, however, is not limited to these particular types 
of antennas, but can bo applied to a variety of other pla- 
nar antennas which exhibit a varying resonant frequen- 
cy depending on the area of a radiation conductor. 
[0080] While there has been described in connection 
with the preferred embodiments of the invention, it will 
be obvious to those skilled in the art that various chang- 
es and modifications may be aimed, therefore, to cover 
in the appended claims all such changes and modifica- 
tions as fall within the true spirit and scope of the inven- 
tion. 



Claims 

1. An antenna device comprising: 

a flat ground conductor; 
a first flat radiation conductor disposed against 
said flat ground conductor interposing first die- 
lectric layers: 

a first short-circuit conductor connecting an end 
of said first flat radiation conductor and said flat 
ground conductor; 

a second flat radiation conductor disposed part- 
ly against an opposite side of said first flat ra- 
diation conductor to its other side facing said 
ground conductor interposing a second dielec- 
tric layer: 

a second short-circuit conductor connecting an 
end of said second flat radiation conductor and 
said flat ground conductor; and 
a supply point disposed on said first flat radia- 
tion conductor. 

2. The antenna device according to claim 1 . wherein 

said supply point and said first short-circuit 
conductor are formed so that said antenna device 
functions as a laminar inverted-F antenna. 

3. The antenna device according to claim 1 , wherein 

said supply point and said first short-circuit 



conductor are formed so that said antenna device 
functions as a single side short-circuited micro-strip 
antenna 

5 4. The antenna device according to claim 1 , wherein 
said first and second dielectric layers are air 
layers. 
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FIG. 1B (PRIOR ART) 
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